


ABSTRACT 

Data collected during the 1 9 6 5 - 6 6  seasons  a t  the counting towers 
on eight Alaskan rivers was analyzed to evaluate the use of 10-minute 
counts per hour a s  the basis  for estimating the magnitude 01 the hourly 
migration, and hence,  the daily and seasonal  migration of salmon return- 
ing t o  spawn. In general ,  relatively large errors between the hourly 
estimates (based on 10-minute counts) and the hourly counts (assumed 
to  be 111e hourly migration) could be  tolerated i f  these  errors were unbiased 
and tendzd to  cancel  out over thz duration of the season .  

The relative errors between the sample total  hourly estimates and 
total  hourly counts ranged from -34.9% to  +21.8%. These errors were equally 
divided between over-estimates and under-estimates . The arithmetic mean 
relative error of +0 .9% was not s ta t is t ical ly  different from zero a t  the  95% 
leve l .  The 9 5% confidence interval for the mean relative error was ( -7 .1%, 
-I- S.9%). 
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INTRODUCTION 

In managing a commercial salmon fishery to  obtain maximum sus-  
tained yield ,  one of the most important single pieces  of information which 
must be obtained each  year i s  an  estimate (either total or index) of t h s  
number of salmon migrating up a river or stream to  spawn. This annual 
estimate of escapement not only represents the number of parent spawners 
allowed t o  propagate the spec i e s ,  but ,  when combined with the annual 
commercial catch to  produce the total  annual return, it provides the bas i s  
for evaluating the succes s  or efficiency of a given parent spawning pop- 
ula tion . 

The problem of enumerating spawning populations of salmon has  
been approached in a number of different ways: W.F.  Thompson (1962) 
gives a short review of some of the different methods experimented with 
in Alaska for enumeration of salmon. These include direct surveys (either 
aerial  or by foot) of the spawning grounds, weirs ,  mark-recovery, e t c .  
Each method was plagued with disadvantages such a s  excess ive  c o s t ,  lack 
of precisioti, inconsistency in estimates from year t o  year ,  e t c .  In the 
early 19501s ,  a s  a result of observing the phenomena of sockeye (Oncorhynchus - 
nerka) salmon migrating in aarrow bands along the banks of clearwater rivers 
in Bristol Bay, counting towers were s e t  up on the Wood River. Figure I illus- 
t ra tes  the type of tower presently bzing utilized in Bristol Bay. The succes s  
of these  f i rs t  towers a s  a means of enumerating migrating salmon resulted in 
the expanded use of counting towers .  At present ,  escapements t o  ten rivers 
in Bristol Bay (cf. Figure 2) a re  enumerated through the use of counting 
towers.  Less than five percent of the sockeye spawning in Bristol Bay 
must be estimated by aerial  and/or foot surveys of the  spawning grounds. 
In addit ion,  counting towers have received limited use in other parts of 
Alaska.  Although sockeye a re  the primary spec ies  of salmon enumerated 
through the use of counting towers ,  there a r e  several  ins tances  where other 
spec ies  have a l so  been successfully enumerated by the same method. In 
particular, counting towers may be used effectively on small ,  shallow rivers 
such a s  the  Kwiniuk River in Norton Sound even though the salmon, primarily 



Figure 1 . Counting tower presently in use  on the  Wood River, Bristol Bay, 
Alaska. 
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Figure 2 .  General locations of Alaskan r ivers at which counting tower s tudies  were conducted. 



chums (0. - -- keta) and pinks (0. gorbuscha) , do not migrate in the  same 
"band" pattern exhibited byThe sockeye in Bristol Bay. In addition to  
providing estimates of annual escapements ,  the counting towers a l so  
provide a valuable check on the accuracy of aer ia l  surveys,  which are 
extremely important t o  the managemefit of the Alaskan salmon fisheries . 

Counting towers do not provide error-free'estimates of the escape-  
ments t o  the individual r ivers.  Some errors may be introduced by 1) 
deviations f ro~n the "band" pattern of migration which resul t  in f i s h  failing 
t o  p a s s  c lose  enough to  the tower to  Se observed, 2) poor visibil i ty a s  a 
result  of adverse weather and/or water ccinditions , and 3) large migration 
ra tes  which necess i ta te  estimating (by l o ' s ,  1 0 0 r s ,  e t c . )  the number of 
f i sh  passing by the tower. However, in general the degree of accuracy 
of escapement estimates obtained through the use of counting towers is 
comparable with the accuracy of other biological data collected and used 
t o  descr ibe the population dynamics of the salmon s tocks .  

Studies were conducted in 1956-57 by the Fish and Wildlife Service 
(Rietze , 19 5 7 ,  Spangler and Rietze , 195 8) to  compare the counts obtained 
by counting towers with those obtained from weirs .  On the Egegik River in 
1956 a n  estimated 981,908 f i sh  passed the counting tower a s  compared with 
1 ,0  63,877 szlmon counted through the weir during the sampling period. 
This represents a -7 .4% relative error in the tower estimate with respect  
t o  the weir es t imate .  In 1957 an estimated 712', 124 salmon passed the 
counting towers while 63 1 ,001 were estimated to  have passed the weir 
during the sampling period. This represents a +12.9% relative error in 
the tower estimate with respect  t o  the weir es t imate .  These s tudies  indi- 
cated that  the majority of the  salmon travel in the shallow water near the 
banks of the river (in an effort t o  e scape  the main current) a n d ,  therefore, 
can  be counted from towers si tuated on or near the  banks with acceptable  
levels  of accuracy.  

Due to  cos t  considerations only limited personnel can be placed a t  
the counting towers on each river, and s ince  these  personnel are  a l s o  
required to  conduct other s tudies  such a s  sampling adult salmon for age- 
weight-length d a t a ,  smolt enumeration, e t c .  , i t  i s  desirable to  reduce the 
actual  time spent counting fish a s  much a s  possible without introducirig 
undesirable errors. On the bas i s  of the  early studies by Fisheries Research 
Institute and the U .S . Fish and Wildlife Service (Becker, 1962, Rietze, 
1957) ,  it was  decided that  counts made 10 minutes out of each hour and 
expanded appropriately would provide adequate estimates of the hourly 
migration. 

Because of the importance of obtaining accurate estimates of escape-  
ment, and s ince  th s  use of couniing tolvers has 5-,esn e x t e n d 4  to  more rivers 
in Alaska, i t  was dncic;zd to re -eva lmte  the use of ten-minute counts a s  
the bas i s  for estimating the hourly m i g r s t i o ~ s  arid, hence,  the total anriual 
escapement.  Special concern ~ 3 s  for those systems ~ v i t h  small escapements 



v~hlch  often exhibrr: very e r r a ~ i c  pstterns of migration. Tile developinent of 
runs to these  smaller systems can help return salmon production in Alaska ' 

t o  the higher levels  exhibited in the  early years of the fisheries . 

EXPEgIMENT DESIGN AND COLLECTION OF D m  -- --- 

The primary objective of th i s  study was to  evaluate the  use of hourly 
ten-minute counts a s  the bas i s  for estimating hourly migration, and hence,  
total seasona l  migration. In general ,  the accuracy of the hourly estimates 
i s  of interest  only in respect  to  the  effect  i t  has  on the accuracy of the 
seasonal  estimates of escapement a s  obtained from the cumulative sum of 
the hourly es t imates .  I11 other words, a significant amount of relative 
error could be tolerated for the individual hour counts if these errors tended 
to  cancel  out and produce only small relative errors in the total season  
estimates . 

The primary data collected consisted of hour counts obtained by 
making s ix  consecutive ten-minute counts.  The first  ten-minute count was 
then rnultiplied by s i x  to  obtain an estimate of the hourly migration which 
was to be compared with the total hour count.  In the remainder of this 
report, these  two estimates of the hourly migration .cvill be termed "hourly 
count" and "hourly estimate " to  dist inguish between the estimate obtained 
by counting for the entire hour and the estimate obtained by multiplying the 
ten-minute count by s ix .  For the purpose of this report, the  hourly counts 
will be assumed to  be the actual  number of salmon migrating pas t  the count- 
ing tower during that  hour. 

In addition to the actual  tower counts ,  weather and water conditions 
were a l s o  recorded. Figure 3 i l lustrates the  form used to  record the collected 
da ta .  

In order that  the  data collected would be representative of the 
variable conditions encountered on Alaskan rivers,  data was  collected 
during both the 1 9  65 and 19 66  seasons  from s ix  rivers in Bristol Bay, one 
in Norton Sound and one in Frince William Sound. The approximate location 
of t hese  rivers i s  shown in Figure 2 .  Thus, the data collected represents 
tower counts obtained under a wide variety of weather and water conditions, 
river types and migration rates . In some ins tances ,  chum and pink salmon 
were a l s o  counted. 

In general ,  the hourly counts were obtained during the season  a s  
time permitted a s  i t  was not feasible (or necessary) t o  make total hour 
counts for the entire s eason .  However, in 1 9  6 6  the large number of hourly 
counts made on the Kwiniuk River necessi ta ted sub salripling these  counts 
t o  simplify the computations required for ana lys i s .  The first 36  counts 
were chosen with the restriction that only those total hour counts greater 
than 5 0  were chosen.  This restriction was made to prevent a large number 
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of very sinall counts (including zero) from occu.rring in the  sample.  Totai 
i.~i:r r ~ : l c t s  xtrei-..; n-ic7.6..: t ! ~ i - c ? ~ ; c b c ~ ~ t  - t he  1065 2nd 1966 spzso!?s on the 
. , , . , . . , - . . - 
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based on aer ia l  surveys.  

111 . BWIC DATA AT\JD RES UL'i'S OF -- ANALYSIS 

The bas ic  data collected in the  form of hoi~rly estimates (ten-minute 
counts multiplied by six) and hourly counts (counts made for the entire hour) 
i s  given in Appendix Tables A - i  through A- 12 .  For the Kvichak and Egegik 
Rivers the data i s  given separately for the  left  and right bank towers for the 
sake  of comparison; ho~~iieves-, for the other rivers the data for both banks 
was  combined to obtain adequate sample s i z e s .  Counts a r e  given by 
spec ies  except in the c a s e  of the Coyhill River counts ,  where conditions 
did not allow accurate separation by spec i e s .  

Sampie s i ze s  ( i .  e .  , number of total hour counts) varied from a 
minimum of 1 2  on the 1gushi.k River in 1965 to  80 on the Coyhill River in 
1965. Total sample counts vzried from 1 ,187  sockeye counted a t  the  
Togiak .tower in 1366 to 585,700 sockeye counted, a t  the Kvichalc left bank 
tower in 19 65. Averag.e hourly migration rates (total f ish coxn'ied divided 
by number of hours counted) during the  sampling periodvaried from 24 fish 
per hour on the Nuyakuk River in 19 6 6 t o  17,630 fish per hour on the right 
bank of the  Kvic hak Kiver in 1 9  65 . 

A summary of the data collected for each  system i s  given in Table 
1. For the s ake  of illustration, the data co!lected from the Egsgik River 
in 1965 i s  graphed in Figure 4 .  

Regression analysis  was applied to the data given in Appendix Tables 
A-1 through A-1 2. Analysis of variance tables a r e  given in Appendix Table 
B-1 . To circumvent tlze assumption of a bivariate normal population, which 
is necessary if the sample correlation coefficient r i s  to be used a s  an 
unbiased estimate of the popu1a'~ion correlarion coefficient,& , the  coeffi- 
c ient  of determination r2 was  calculated to  pravide a measure of the l inear 
relationship between the ho~i l ly  estimates and the hourly counts .  The 
resulting values a r e  givcn in Table 1 .  These values vary from a minimum 
of 0.464 (Kwiniuk River, 19 66) to  a maxinlum of 0.936 (Nuyakuk R .  , pinks,  
1 9  66) . The geometric mean coefficient of determination r2 = 0.733 indicates 
tha t ,  on the average,  approxirnateiy 70% of the sum of squared deviations of 
the hourly estimates i s  explained hl7 the hourly counts (v;llich were assumed 
to be  the actual  migra~ion~re la t ive  t a  the hourly es t imates) .  



Table 1 . Summary of 19 65- 6 6 Counting Tower Data and Analysis 

-- 

Total 76 of Total Ave. Hourly 
Sample Sample Migration Migration Coeff. of Coeff. of Relative 

Year System Species size'/ countZ/  counted?/   at el/ Determination Variation ~ r r o r /  -- 

19 65 Kwini~1.k River Chum 53 6,302 19.4 119 0.630 1.5 +10.6 
Pink 35 1,249 14.4 3 6*' 0.575 1.8 + 8.6 

Igushik River Sockeye 12" 2,700 1.5 225 0.676 1.4 -34.9" 

Kvicha k River 
Left Bank Sockeye 3 6 585,700* 2.4 16,270 0.5 - 4.7 0.872 
Right Bank Sockeye 2 2 387,950 1.6 17,630" 0.707 0.4" - 3.1 

Egegik River 
Left Bank Sockeye 24 24,820 1.7 1,034 0.968 1.7 1-13.4 
Right Bank Sockeye 23 43,281 3.0 1,882 0.810 1.3 + 1.3 

6/ Coghill River Mixed- 80* 14,974 
CD 

1 9 66 Kwiniuk River Chum 3 6 7,295 22.0 203 0.464* 0.9 - 5.3 
I Pink 3 6 5,213 48.0" 145 0.575 0.7 - 0.8 

Togiak River Sockeye 15 1,187* 1.3 7 9 0.935 1.5 -t21.8* 

Nuyakuk River Sockeye 24 16,494 10.2 68 7 0.893 1.7 + 0.6 
Pink 3 2 12,361 0.9* 386 0.973" 2.2" +16.3 

Nushagak River Pink 

* 1i)dicates maximum and minimum values for each  column. 
1/ h umber of total  hour counts .  - 
2/ Total salmon counted during sample hours. - 
3/ I)(:rcent of total  season  migration counted during the  sample hours. - 
4/ 2'1 )ta L sample count + sample s i z e .  - 
5/ Relative Error = 100 X [ C (Hourly Estimates) - C (Hourly Counts) ] -+ C (Hourly coun t s )  - 
6/ L paralion by spec ies  was not possible .  Pinks, chums and sockeyes counted.  - 
7/ C I sed on preliminary es t imate  of season migration. - 



l-'igure 4. 1 9  65 Egegi!c River Tower Counts ,  Sockeye Salmon 
Tota 1 Hour Counts Versus Expanded Ten-Minute Counts 

Note :  Sorne of the  small ( l e s s  Illan 500) 
hocrllr counts omitted from graph 
for the s ake  of clari ty.  

Expanc?zd Ten-Min c te  Counts 



If one i s  allowed the freedom of accepting the assumption of a 
bivariate normal population, the  values of r ,  used a s  es t imates  of the  
population correlation coefficients,  indicate significant (i . e . , 9 5% 
level)  correlation between the  hourly estimates and hourly counts for a l l  
r ivers.  

Although the above correlation between the hourly counts and 
hourly estimates i s  of interest  in that  i t  does indicate good correlation between 
these  t 7 ~ 0  variables , a s  mentioned above ,  the primary concern is with 
the agreement between the sum of the hourly estimates and the hourly 
counts over the s eason .  The relative errors occurring in the individual 
hourly estimates (relative t o  the  hourly counts) may be s ta t is t ical ly  sig- 
nificant in some cases ;  however, if these  relative errors occur without 
b i a s ,  then the sum of the hourly estimates will provide an unbiased esti-  
mate of the  sum of the hourly counts.  To express this  more concisely ,  i f  
we have 

where 
Yi = the hourly counts ,  i .  e .  the hourly migration, 
Xi = the  hourly es t imates ,  and 
Ei = the  error with which Yi i s  estimated by X i ,  

and i f c i  i s  randomly distributed with mean zero,  then if we sum E q .  (1) 
over a l l  possible counts ,  

s ince  CTi = 0 i .  e .  , the seasonal  sum of the hourly estimates will provide 
a n  unbiased estimate of the seasonal  sum of the  hourly counts.  

- 
To investigate whether 3 = 0 ,  the relative error was calculated for 

each s e t  of da t a .  The resul ts  a re  shown in Table 1 .  

The relative error between the total hourly estimates and the  total  
hourly counts varied in absolute  value from 0 . 6 %  ( ~ u y a k u k  R .  , sockeye,  
19  66) to  34.9% (Igushik R .  , 19 65) with a geometric mean of 5 . 1 % .  How- 
ever ,  two comments should be made regarding these  relative errors: 

1) The relative errors a r e  equally divided between positive 
(over-estimates) and negative (under-estimate) errors with 
seven over-estimates and seven under-estimates . Further- 
more, the arithmetic mean (used s o  the algebraic s igns  of 
the error could be included) i s  +0.9%. This value i s  not 
s ta t is t ical ly  different (at the  95% level)  from zero.  



This indicates tlla t 120 d i rect ioral  error ( I .  e . , l ~ i a s )  i s  occurring . 
in the Sur-iI of the hourly es t imates .  

2 )  It shoiild he noted tha t ,  in eieven of the fourteen samples ,  l e s s  
L O  ~ r ? a l ~  one-jlcdrti~ of the -total seasonal  :nic,-ratio;l ft'ir c:ny one river 

was  counted c!,u;lilg the sainplirig pi?riod . P,/loreover, the average 
sample s i z e  of 3 1 . 7  (hours) i s  l e s s  than tile nui??ber of hours 
containr3d in 1.5 days ,  whereas tiie total migrations a re  generally 
enu.ii~era ted during a period of not l e s s  than 30 days .  Thus, a 
seasonal  migl-atjon estimate would generally cons is t  of the sum 
of approximately 700  il1dividual hour es t imates ,  or more than 
.twenty titnes the number of iiours contained in the  average 
sclmpling peri-od foi- ihis s tudy.  .If, in fac t ,  .Ithe error of es t i -  
mate (isetrziesil the hourly counts and hourly estimates) i s  unbiased 
a s  indicated,  the el-ror b e t v ~ ~ e n  the sui i~ of the  hourly co1.1;l.t~ and 
+. 1 .ne hourly estinla tes  would be expec-Led to  be l e s s  when .the sum 
i s  talten over the sn-tire season than wheri the  su.m i s  just over 
the s a m p l i i i ~  periods . 

At this point i t  n a y  be insiructive to  concentrate our attention on 
the data collec.ted from the Igushik River (1965) a ~ d  the Togiak River (1966)  
a s  these  sanlples reflected the lai-gest relative errors ,viz .  - 3 4 . 9 %  and 
+21 .8% respectively.  11.1 both c a s e s ,  sockeye salmon were being counted. 
The followiag points are of interest: 

1) Of the fourizeen szimples, the Iyushj.1; and Togiak samples 
reprzsented the sixalles t and third smallest  sample s i z e s  
respectively.  In the Igusliik sample,  2 hours accounted for 
8176 of "ile v;ri-a'.' c,-L~on, while in tile Togiak sample 3 hours 
accounted for ;70"/c of the variation. 

2) The Igushik and Togiak sanlples represent the second and 
third ,smal les t  percentages of the total  sea son migrations 
counted during the  sampling periods. 

3) If we express the variations of the  hourly co~ ln t s  wi.thin a 
sample a s  the coefficient or' variation (i . e .  , the ratio of the 
standard deviation to the nizan), the Igushik and Togiak samples 
represent respectively the fifth and fourth largest coefficients 
of variation recorded. 

It appeared,  therefore, that the relative error he-t.iveeil~-the sun1 of 
sample hourly es t i r i~ates  and hourly cour~ts  depended GI? the s a n ~ p l e  s i z e  
(vjhich directly represents. a measure cf -the percentage of the total scasonal  
migration counted during iiie sai : ipl i~:~~ pel-loci) and .the vai-iztion of the hourly 
counts within a s a n ~ p l e .  To investicjate t h i s ,  -the rcldtive error was plotted 
agains-t the saniple s i z e  (Figure 5) and the ccefiicien'i of variation (Figure 6 ) .  





I I .  Reiations!~i.p be tween relative error  in total hourly estimates and the coefficient 
of v;\ris-!:ion of ::he hourly c o u n t s .  
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The important point t o  observe in Figures 5 and 6 i s  that  the  vari- 
at ion in the  relative error decreases  a s  the  sample s i z e  increases  and the 
coefficient of variation decreases .  Although this  is not equivalent t o  say- 
ing that  a small sample s i z e  and/or a large coefficient of variation will 
result  in a large relative error, it does imply that  the chances of a large 
relative error occurring a re  greater under these  conditions. In practical 
terms, this means that  escapement estimates for short-term periods (i. e .  
l e s s  than several  days)  may be expected to  exhibit significant relative 
errors in some c a s e s .  The chances of a significant relative error a re  a l s o  
increased if  the migration is very errat ic ,  i .  e .  , i f  the  coefficient of vari- 
ation is large.  Conversely, however, the  relative error can be expected 
to  be small over long-term (e .  g .  one month) periods,  especial ly  i f  the 
migration is not excessively erratic.  

A situation which could result  in a significant relative error even 
though escapement estimates were for a period of approximately one month 
would be one similar t o  that  occurring on the  Ugashik River in 1963. During 
the 1963 season ,  47% of the seasona l  escapement passed the Ugashik 
counting tower in one day ,  i . e . ,  on July 1 5 ,  181,000 sockeye were esti-  
mated t o  have passed the tower,  while the final season  total was  388,000. 
The next largest  day ' s  escapement was  43,000 on July 18.  A large relative 
error occurring in the estimate for July 15 may not be cancelled by the errors 
occurring in the smaller estimated escapements for the other days .  (How- 
ever ,  it should be  noted that  a 30% relative error for the July 15 estimate 
would represent only a 14% relative error for the  s eason) .  The Ugashik system 
is rather unique relative t o  the  other Bristol Bay rivers which do not exhibit 
such  a high degree of concentration in the  escapement patterns . Furthermore, 
the  escapement patterns for the Ugashik system generally do not exhibit the 
extreme degree of concentration exist ing in the 1 9 63 migration . 

For the purpose of analyzing the relationship between the relative 
error, the sample s i z e  and the coefficient of variation,  multiple regression 
ana lys i s  was  applied to  the data .  It was assumed that  the relative error 
was directly proportional to the coefficient of variation and inversely pro- 
portional t o  the  square root of the sample s i z e .  The following relationship 
was obtained: 

where 
. . 

X1 = 10 X the inverse square root of the  
sample s i z e  

X2 = the  coefficient of variation , -and  

Y = t he re l a t i vee r ro r  

" 2 However, the sum of squared deviations C(Y-Y) from Eq . (1) was only 
16% l e s s  than the sum of squared deviations from the mean, indicating that  



the sample s i z e  and coefficient of variation alone do not explain the vari- 
at ions in the  relative errors. 

Again, if we a r e  allowed the freedom of assuming random sampling 
from a tri-variate normal distribution, the pai-tial correlation coefficients 
r~ Y X2 = 0.344 (d . f .  = 11) and rxZy . = 0.159 (d. f .  = 11) d o  not 
rearesent significant correlation bdween the relative error and the inverse 
square root of the s a ~ n p l e  s i z e  (with the coefficient of variation considered 
constant)  or between the relative error and the coefficient of variation (with 
the sample s ize considered constant) .  

The data shown graphically in Figures 5 and 6 and the resul ts  above 
indicate that  sufficient conditions for smal l ,  i .  e .  , a c c e ~ t a b l e ,  relative 
errors a re  a large sample s i z e  (i . e . , hourly estimates for period of approxi- 
mately one week or more) and non-excessive variations in the hourly 
escapements . Although a small sample s i ze  and/or large coefficient of 
variation increase the chances of a large relative error, these  conditions 
do not necessar i ly  - imply a large relative error. 

Since the sample s i z e  ( i .  e . , number of hours) and coefficient of 
variation for a given season cannot be  controlled, the next logical  s tep  to  
increase the accuracy of the hourly estimates ~7ould  be to  increase the 
time counted each hour. The following table i l lustrates the effect of 
increasing to 20 minutes the time counted each' hour. For this  purpose, 
only those systems with the four largest  (in magnitude) relative errors a re  
considered.  

RELATIVE ERROR. 

SYSTEM --- 
Igushik River, 1965 

10-MINUTE COUNTS 20-MINUTE COUNTS 
-34.9% -6.6% 

Egegik River, 1965, Left Bank +13.4 
Togiak River, 1.9 6 6 t 2 1 . 8  
Nuyakuk River, 1966, Pink Salmon +16.3 

In each c a s e ,  counting for twenty minutes of each  hour reduced the 
relative error to  l e s s  than 10%.  This suggests  that  in the event that  extreme 
variations occur in the hourly counts during the s eason ,  if a high degrec of 
concentration occurs in the  migration pattern, if the migration occurs in a 
very short period or if short period estimates a re  desired for the purpose of 
comparison with aerial  surveys,  counting time per hour should possibly be 
increased to 20 minutes. In this  manner the relative error would very likely 
remain under 10%. 

As a final method of cletermining 1vl:a-i range of relativ-e errors o n  
might expect if sampling i s  conducted in the same manner a s  in this report, 
we  calculate the conficience interval associateci wliil tile mean of the rela- 
t ive errors given in Table 1 .  As seen from Figure 7 ,  the distribution of 





th i s  relative error is approximately normal . The confidence interval for 
the mean i s  given (Cochran, 1963) by 

- 
X - t l - , / ~ ,  n-1 s/fi iiF6 5 X + ' I - ~ / z ,  n-1 S/ E 

where X = mean relative error, 

= true mean 

t = Student 's  " t"  s ta t i s t i c  

s = sample estimate of the standard deviation 

n = s a m p l e s i z e .  

For a = .05,  n = 14 we have t1-a,2 , n-l = 2.160. 

Thus, we have 

Therefore, the 95% confidence (or, more correctly, fiducial) interval 
for the mean relative error i s  (- 7.174, -t- 8 .9%);  i. e . , if sampling i s  conducted 
in the same manner a s  described in this report, then in 95 times out of a 100 
the true mean (relativa ~3rror) will b2 containecl in the interval (- 7.1 % , + 8.9%) . 

IV .  CONCLUDING R E M A R I S  AKD RECO-MbIENDATJONS - 

In canclusion,  the data in this report indicates tha t ,  in general ,  
relarive errors of l e s s  than 10% occur in the s ~ a s o n a l  e s t i ~ x a t e s  of the number 
of migrating salmon a s  a result  of using 10-rninu:e c o w l s  made from counting 
towers to cstirnate hourly rnigra~ion. It sl?ou!d not be jmplied that  each hourly 
estimate (based on a 10-minute count) enjoys the same degree of accurdcy 
(relative t o  the true hourly migratioq) a s  does the seasonal  sur-il of hourly 
estimates (relative to the seasonal  r n i g ~ ~ t i o n ) .  I-Iowever, the fact  that  the 
errors in the hourly estimates occur without bias results  in a cancell ing of 
these  errors in the total seasonal  estimate of the migration. 

Some situations may occur in vihich comt ing  time per hour should 
be increased to 2.0 rnir?u:t?.s t o  ins~x-;: accep.table levels af accuracy. Some 
e:;amples tvhere 20-mi.nut~ c o u ~ t s  pss hour may b? desirable are: 

a )  If short period esczpen:.cnt estirnates (oStainec! from counting 
towers) were to be compsred with aerial  survey es t imates ,  
hourly 20-minute counts vroulc! no-: exactly estimate salmon 
m i q r a t i n ~  c!i!rin~ ttl?? n?;io-! in q:!?sti3~. 



b) If counting i s  t o  be  discontinued during certain portion of 
the  day to  f ree  the personnel for other du t ies ,  20-minute 
hourly counts made for the remaining portion of the  day 
could be  used to  estimate the  total  daily migration. 

c )  If a highly concentrated migration pattern is ant ic ipated,  
20-minute hourly counts could be made for the period of 
peak migration to  increase the probability of obtaining 
seasonal  migration estimates containing l e s s  than 10% 
relative error. 
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VII. APPENDIX 

Tables A-1 through A-1 2: Basic Counting Tower Data 

Table B-1 : Analysis of Variance Tables 



Table A-1. 1965 Kwiniuk River Counting Tower Data, CnmL Salmo11 (11 = 53) 

Expanded Ten- Total Expanded Ten- Total  
blinute Counts Hour Counts - blinute -- Counts I-lour Counts 

96 Totals  6,972 
70 



Table A-2. 1965 Kwiniuk River Counting Tower Data, Pink Salmon (n = 35) 

Expanded Ten- Tota l  
lvlinute Counts Hour Counts 

Totals  1,356 



Table A-3. 1965 Igushik River Counting Tower Data, Sockeye Salmon (n = 12) 

Expanded Ten- 
Minute Comts 

Totals 1,758 

Expanded Twenty- 
Minute Counts - 

Total 
Hour Counts 



Table A-4. 1965 Kvichak River Counting Torver Data, Sockeye Salmon 
(Counts In thousands of f i sh )  

Left Bank (n = 36) Right Bank (n = 22) 
Expanded Ten- Total Expanded Ten- Total  
Minute Counts - Hour Counts biinute Counts Hour Counts 

Totals  375.87 



Table A-5. 1965 Egegik River Counting Tower Data, Sockeye Salmon 

Left  Bank (n = 24) 
Expanded Ten- Total  
Minute Counts Hour Counts 

Totals 28,146 24,820 

Right Bank (n = 23) 
Expanded Ten- Total 
~ i n u t e  Counts Hour Counts 



Table A-6. 1965 Coghill River Counting Tower Data, Mixed Species (n = 80) 

Expanded Ten- Total  Expanded Ten- Total  
Minute Counts Hour Counts Minute Counts Hour Counts 

Totals  15,468 



Table A-7. 1966 Kliiniuk River Counting Tower Data, Chum ~ a l m o n y  (n = 36) 

Expanded Ten- 
~l i i iu te  Counts 

Tota l  
Hour Courlts 

Totals  6,906 7,295 

1' Due t o  the  l a rge  number of hourly counts obtained, the  f i r s t  36 non-negative 
hourly counts g rea te r  than 50 were chosen f o r  analysis .  



Table A- 8. 1966 Kwiniuk River Counting Tower Data, Pink Salmon 1' (n = 36)  

Expanded Ten- Total 
Minute Counts Hour Counts 

,- . -, 1' bi;c f ' :i;r;ba 0; ;loiiyj> ; , tilC i i r j t  J - iir;iiij 

greater t21a11 50 rvere chosen for analysis. 



Table A-9. 1966 Togiak Counting Tower Cata, Sockeye Salmon (n = 15) 

E,,. pdncleci ., Tell- E_\yandcd T\ie~t>.- Total 
Flinute Counts 3Ii11ute Counts Hour Counts 

Totals  1,446 1,305 1,187 



Table A-10. 1966 Nuyakuk River Counting Tolier Data, Sockeye Salmon (n = 24) 

Expanded Ten- Tota l  
Minute Counts Hour Counts 

Totals  16,596 



Table A-11. 1966 hbyak-d Ri-, ;cr  Counting Tower Data, Pink Salmon (n = 32) 

Zxpmdecri Ten- 
blinute Counts 

Totals 14,382 

TTc t2l 
Hour Counts 



Table A-12. 1966 hushagak River Counting Tower Data, Pink Salmon (n = 14) 

Expanded Ten- 
Minute Counts 

To ta l  
Hour Counts 

Tota ls  33,666 34,028 



Table B-1 . Analysis  of var iance  for regress ion of to ta l  hour counts on expanded ten-minute coun ts .  

Source of 
Variation 

Kwiniuk River, 19 65,  Chums 

Degrees  of Sum of 
Freedom Squares 

Kwiniuk River, 1965,  Pinks 

Source of Degrees  of Sum of 
Variation Freedom Squares  

Due t o  Regression 1 1 ,051 ,042  1 Due t o  Regression 1 81,367 

Deviat ions from Regression 51 617.279 ( Deviations from Regression 33 60,141 

Total 

Igushik River, 1965,  Sockeye 

5 2 1 ,668 ,321  

I 
Source of Degrees  of Sum of 

W 
Variation Freedom Squares 

(rJ 

I Due t o  Regression 1 705,278 

Total 

Deviat ions from Regres sion 10 338.032 1 
Total 11 1 ,043 ,310  1 

- - 

Kvichak River, 1965,  Sockeye,  Left Bank 

Source of 
Variation 

Degrees  of Sum of 
Freedom Squares  

Due t o  Regression 1 1 ,286 ,810  

Deviat ions from Regression 34 188,890 

Total 

Kvicha k River, 19 65,  Sockeye,  Right Bank 

Source of Degrees  of Sum of 
Variation Freedom Squares 

Due t o  Regression 1 920 ,818  

Deviat ions from Regression 20 381,612 

Total 



T;!b.le B- 1 (Continued) 

Egegik River,  19 65 ,  S o c k e y e ,  Left Bank 

Degrees  of Sum of 
Freedom Squares  

Due :o Regress ion  1 6 9 , 7 7 7 , 5 4 5  

Devjct ( i o n s  from Regress ion  22 2 , 3 0 6 , 6 9 6  

Source  of 
, V a r i c i  tion -- 

Coghi l l  River ,  19 65,  Mixed S p e c i e s  

0 

Due -if., Regress ion  
I 

Degrees  of Sum of 
Freedom Squares  

Devia /:ions from Regres s ion  78 

Total 7 9 1 , 2 8 5 , 3 9 4  

Kwiniuk River ,  196 6 ,  Chum 

S0urr.e of 
V a r i r i  I ion 

Degrees  of Sum of 
Freedom - Squares  

Due  to Regress ion  1 5 2 3 , 5 5 3  

Devicl Lion from Regress ion  34  604,795 

Tota 1 35  1 , 1 2 8 , 3 4 8  
- - - - - - - - - 

Egegik River,  1 9  65,  S o c k e y e ,  Right Bank 

Source  of Degrees  of Sum of 
Variation - Freedom Squares  

D u e  t o  Regress ion  1 1 0 9 , 4 7 1 , 3 7 0  

Devia t ions  from Regress ion  2 1 25 ,678 ,470  

Total  2 2 1 3 5 , 1 4 9 , 8 4 0  

-- - -- - - - -- 

Kwiniuk River,  19 66, Pink 

Source  of Degrees  of Sum of 
Variation - Freedom Squares  

Due  t o  Regress ion  1 203 ,127  

Devia t ion  from Regress ion  3 4  1 5 0 , 1 3 7  



Table B-1 ( Continued) 

Togiak River,  1 9  66 ,  Sockeye  

Source of Degrees  of Sum of 
Variation Freedom Squares  

Due  t o  Regress ion  1 1 7 3 , 3 0 9  

Dev ia t ions  from Regress ion  1 3  1 2 , 0 4 8  

Total 

Nuyakuk River,  1966 ,  Sockeye  

I Source  of Degrees  of Sum of 
w Variation 
vl 

Freedom Squares  

I 
Due to Regress ion  1 28 ,029 ,729  

Dev ia t ions  from Regress ion  2 2 3 , 3 5 8 , 5 4 5  

Total 23 3 1 , 3 8 8 , 2 7 4  

Nushagak River,  1966 ,  Pinks 

Source  of Degrees  of Sum of 
Variation Freedom Squares  

Due  t o  Regress ion  1 1 1 1 , 7 2 1 , 9 9 0  

Dev ia t ions  from Regress ion  1 2 1 2 , 8 2 8 , 7 2 4  

Total  1 3  1 2 4 , 5 5 0 , 7 1 4  

Nuyakuk River,  1966 ,  Pink 

Source  of D e g r e e s  of Sum of 
Variation Freedom - Squares  

Due  t o  Regress ion  1 22 ,201 ,972  

Dev ia t ions  from Regress ion  30 6 1 6 , 0 8 8  

Total  31  2 2 , 8 1 8 , 0 6 0  
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